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Abstract

Background

To increase the survival span after dialysis in patients with end-stage renal disease

(ESRD), identifying specific cancer risks is crucial in the cancer screening of these patients.

The aim of this study was to investigate the risks of various cancers in an incident dialysis

group in comparison with a non-dialysis group.

Method

We conducted a nationwide cohort study by using data from the Taiwan National Health In-

surance Research Database. Patients who initially received long-term dialysis between

January 1997 and December 2004, were selected and defined as the dialysis group and

were matched with the non-dialysis patients (control group) according to age, sex, and

index year. Competing risk analysis was used to estimate cumulative incidence and subdis-

tribution hazard ratios (SHRs) of the first cancer occurrence.

Results

After consideration for the competing risk of mortality, the dialysis group showed a signifi-

cantly higher 7-year cancer incidence rate than did the control group (6.4%; 95% confidence

interval [CI], 6.0%-6.7% vs 1.7%; 95% CI, 1.4%-2.1%; P <0.001).The modified Cox propor-

tional hazard model revealed that the dialysis group had significantly association with
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increased risks for all cancers (SHR, 3.43; 95% CI, 3.02-3.88). The risk of cancers was

dominated in younger and female patients. Specific cancer risks were significantly higher in

the dialysis group particularly in the development of oral, colorectal, liver, blood, breast,

renal, upper urinary tract, and bladder cancer than in the control group. Multivariable strati-

fied analyses confirmed the association between long-term dialysis and cancer in all sub-

groups of patients.

Conclusions

Dialysis is associated with a higher risk of cancer in patients with ESRD. However, cancer

screening in ESRD population should be a selective approach, based on individual patient

health condition and life expectancy.

Introduction
The number of patients with end-stage renal disease (ESRD) worldwide has increased rapidly
over the past few decades. By 2010, the estimated ESRD population was over 2 million, and the
survival of these patients depends on expensive dialysis treatments and transplantation [1]. Ad-
vanced dialysis techniques increase patients’ life span; however, these techniques also increase
the risk of complications. In recent years, researchers have increasingly examined specific com-
plications of long-term dialysis, for example, the development of cancer rather than cardiovas-
cular diseases in dialysis patients [2–10]. Studies on the risks of various cancers in dialysis
patients are crucial in the development of cancer screening strategies, particularly in countries
where the prevalence and incidence of ESRD is high.

Previous studies have showed the higher risks of various cancers in dialysis patients than
general population, such as cancers of the liver [7, 9, 10], kidneys [2–4, 7–10], urinary tract [4,
8], bladder [2, 3, 7, 9], thyroid [2, 7, 8], and other organs [2, 8–10]. However, most the studies
that reported these associations were either limited by the small scale of the study [8], inclusion
of prevalent dialysis patients [10], or estimation of the risk ratio by using the excess standard-
ized incidence ratio [2, 3, 7]. The shortcomings of these approaches were an inability to control
the confounding effects on the outcome of interest and failure to obtain accurate comparison
of risks for generalization to entire populations.

The purpose of this nationwide cohort study was to evaluate the association of dialysis and
the risks of cancers. We used an incident dialysis population matched with the non-dialysis pa-
tients according to age, sex, and index year to explore this association.

Materials and Methods

Study population
We conducted a population-based cohort study through the Taiwan National Health Insurance
Research Database (NHIRD), which contains claims information and health care data on more
than 99% of the population of Taiwan. The accuracy of major disease diagnoses recorded in
the NHIRD has been validated [11–13].This study was approved by the ethical review board of
Kaohsiung Medical University Hospital (KMUH-IRB-EXEMP-20130014). All the studying
processes were obeying the Declaration of Helsinki without violation any ethical principle. Be-
cause the patient identifiers in this national dataset were scrambled for research use, the review
board waived the requirement for written informed consent.
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We retrieved records on all patients who have received long-term dialysis since 1997 and
comparable controls, who were matched with the dialysis patients according to age, sex, and
index year, The patients who initially received dialysis according to the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes for chronic renal
failure under regular dialysis in the Registry for Catastrophic Illness Patient Database
(RCIPD), a subset of the NHIRD (S1 Table). We obtained the initiation date of dialysis treat-
ment for each outpatient by tracking the specific payment codes (S2 Table) from the NHIRD
for the treatment and care received during hemodialysis and peritoneal dialysis.

The comparable controls were selected from the Longitudinal Health Insurance Data 2000
(LHID2000), which contains all claims data on 1 000 000 people. The subjects in LHID2000
were randomly sampled from the entire insured population from 1996 to 2000, and no differ-
ences in the age and sex distributions between the LHID2000 and the general population were
observed. Patients (n = 996 346) who never received dialysis during 1997–2004 and had at least
1 outpatient visit (a total of 6 656 719 records) were considered potential matching controls.

A matching procedure was used to enhance the comparison between the dialysis and con-
trol groups. The index year was defined as the year of dialysis for the dialysis group, whereas
the index year was the year of an outpatient visit for the control group. Age was calculated
from the date of birth to the initiation date of dialysis for the dialysis group and from the date
of birth to the date of the outpatient visit for the control group. Because the patients in the dial-
ysis group were significantly older than those in the control group, we matched each patient
with the control group according to age (within ± 2 y), sex, and index year by using the existing
programs [14]. In each pair, the index date was the initiation date of dialysis in the dialysis
group and the corresponding first outpatient visit date in the control group.

Main outcome measurements
Cancer occurrence was determined according to the ICD-9-CM codes from the RCIPD, and
the first registry date was considered the date of cancer occurrence. All cancer registries in the
database contained either surgical pathological information or a typical image presentation.
Details on cancers at various sites, including oral, esophageal, gastric, colorectal, liver, pancre-
atic, lung cancer, hematological, breast, cervical, prostate, upper urinary tract, and bladder can-
cers, are shown in S1 Table. Because of the lack of accuracy in determining kidney cancer on
the basis of the diagnostic code (ICD-9-CM code 189.0) [15], we used the surgical procedure
codes (S2 Table), including those for radical nephrectomy, laparoscopic nephrectomy, and par-
tial nephrectomy, to confirm renal cancer. Death was defined as death during hospitalization
or self-discharges from hospitalization, without any outpatient follow up thereafter.

Covariate assessment
In covariate assessment, factors that possibly confound the risk of cancer occurrence were in-
cluded. We obtained data on patient characteristics such as age, sex, index year (1997–1998,
1999–2000, 2001–2002, 2003–2004), insurance region (north, center, south, east), and urbani-
zation (urban, suburban, rural) [16]. The Charlson comorbidity index (CCI) score was calcu-
lated for all diseases listed in a previous study [17]. Potential confounding comorbidities,
which are listed using ICD-9-CM codes in S1 Table, included diabetes, hypertension, cerebro-
vascular disease, ischemic heart disease, and congestive heart disease. These were identified on
the basis of�2 outpatient visits or�1 inpatient visit within 1 year before the index date.

Cancers in Incident Dialysis Population

PLOS ONE | DOI:10.1371/journal.pone.0122856 April 13, 2015 3 / 13



Statistical Analysis
The mortality rate was considerably higher in dialysis patients than in non-dialysis patients.
Therefore, the competing risk approach was used to calculate an accurate cancer incidence
rate. The death-adjusted cumulative incidence for the marginal probability of cancer was ob-
tained, and the cumulative incidences in the competing risk data were compared using the
modified log-rank test [18].

To compare the subdistribution hazard ratios (SHRs) for various sites of cancer occurrence
between the dialysis and control group, multivariable analyses were conducted using modified
Cox regression hazard models [19]. To represent the competing risk hazard for each event, we
adjusted for age, sex, index year, insurance region, urbanization, comorbidities, and the
CCI score.

To determine the association between the duration of dialysis and cancer occurrence, we es-
timated SHR of cancer stratifying the follow-up duration. In addition, we used multivariable
stratified analyses of different subgroups to validating these findings. Age-specific and sex-spe-
cific SHRs for various sites of cancer were estimated and are reported in S1–S4 Figs.

Data management and analyses were performed using SAS 9.3 (SAS Institute Inc., Cary,
North Carolina, USA) software. The cumulative incidence in competing risk analyses was cal-
culated using the cmprsk package of R [20]. A 2-sided P value lower than. 05 was considered
statistically significant.

Results

Demographic characteristics of the observed cohort
We first selected 69 917 patients who newly received dialysis during 1997–2004. After patients
who received dialysis for fewer than 3 months were excluded, 52 105 dialysis patients were in-
cluded, and 51 957 (99.7%) age (±2 y)-, sex-, and index-year-matched patients were selected
from the non-dialysis population as the control group. We excluded 3 119 matched pairs in
which one of the patients developed cancer before the index date. Finally, 47 037 patients
matched according to age, sex, and index year were included in the final analysis (Fig 1).

The demographic characteristics, comorbidities, CCI scores, and follow-up durations of the
study cohort are shown in Table 1. The mean (SD) follow-up duration for the dialysis group
was 3.0 (2.1) years, and the median (interquartile range [IQR]) was 2.5 (1.2–4.4) years; these

Fig 1. Flow diagram illustrating the selection of patients and controls.

doi:10.1371/journal.pone.0122856.g001
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durations were significantly lower than those for the control group, for which the mean (SD)
was 4.2 (2.2) years and the median (IQR) was 4.0 (2.0–6.0) years. The proportions of patients
who lived in the southern insurance region (34.6% vs 27.7%) and urban areas (75.6% vs 56.7%)
were higher in the dialysis group than in the control group.

The presence of comorbidities, namely diabetes, hypertension, cerebrovascular disease, is-
chemic heart disease, and congestive heart failure, was significantly higher in the dialysis group
than in the control group. The mean (SD) CCI score was 3.9 (2.1) for the dialysis group and 3.3
(9.0) for the control group, and the median (IQR) was 3 (2–5) for the dialysis group and 0 (0–
0) for the control group.

Seven-year cumulative incidence and risk of cancer
During the observation period, 1863 (4.0%) patients in the dialysis group and 644 (1.4%) pa-
tients in the control group developed cancer. The incidence of bladder cancer was the highest
in the dialysis group, accounting for approximately 21%, whereas the proportion of this cancer
was only 3% in the control group during the follow-up years. The mean age for cancer

Table 1. Characteristics and prescription drugs in dialysis group and the age-, sex-, and index year-matched control group.

Dialysis group (n = 47,037) Control group (n = 47,037) P-value

Age, mean (SD), y 58.2 (15.1) 57.0 (15.4) <0.001

Sex (%) 1.00

Male 47.2 47.2

Female 52.8 52.8

Index year (%) 1.00

1997–1998 23.7 23.7

1999–2000 24.6 24.6

2001–2002 27.8 27.8

2003–2004 23.9 23.9

Insured region (%) <0.001

Northern 42.1 47.4

Central 20.7 21.4

Southern 34.6 27.7

Eastern 2.7 3.5

Urbanization (%) <0.001

Urban 75.6 56.7

Suburban 22.2 31.8

Rural 2.2 11.6

Major coexisting disease (%)

Diabetes 36.9 6.6 <0.001

Hypertension 70.5 16.5 <0.001

Cerebrovascular disease 11.2 4.0 <0.001

Ischemic heart disease 20.9 5.9 <0.001

Congestive heart failure 23.3 10.9 <0.001

Charlson score <0.001

Mean (SD) 3.9 (2.1) 3.3 (9.0)

Median (IQR) 3 (2–5) 0 (0–0)

Data are expressed as percentages. Chi-Square test and Wilcoxon two-sample test is used to test the differences between the dialysis group and the

control group for categorical and continuous variables. Statistical significance is defined as p value less than 0.05.

doi:10.1371/journal.pone.0122856.t001
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diagnosis in the dialysis group was 5 years lower than that in the control group, and the num-
ber of female patients diagnosed with cancer was higher in the dialysis group than in the con-
trol group (S3 Table and S4 Table). Death before cancer occurrence was considered a
competing risk. The cumulative incidence of cancer after adjustment for competing mortality
was significantly higher in the dialysis group (cumulative incidence, 6.4%; 95% confidence in-
terval [CI], 6.0%–6.7%) than in the control group (cumulative incidence, 1.7%; 95% CI, 1.4%–

2.1%; P< 0.001) (Fig 2). The dialysis group had a significantly higher risk of all cancers (SHR,
3.43; 95% CI, 3.02–3.88; P< 0.001) than the control group did. Furthermore, these cancers
particularly occurred in the oral cavity (SHR, 2.50; 95% CI, 1.43–4.39; P = 00.001), colon (SHR,
2.34; 95% CI, 1.62–3.39; P<0.001), liver (SHR, 1.88; 95% CI, 1.35–2.61; P<0.001), blood

Fig 2. Cumulative incidence for cancer andmortality. Data were compiled after consideration for competing mortality. The cumulative rate between
dialysis and control group were calculated using Modified Kaplan-Meier and Gray methods [30] and test their difference between groups by modified log-rank
test. The Modified log-rank P value for comparing the cumulative incidence for cancer in dialysis and control group is less than 0.001.

doi:10.1371/journal.pone.0122856.g002
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(SHR, 2.30; 95% CI, 1.20–4.42; P = .01), breast (SHR, 4.21; 95% CI, 2.51–7.06; P< 0.001), kid-
neys (SHR, 40.31; 95% CI, 13.35–121.75; P< 00.001), upper urinary tract (SHR, 61.33; 95% CI,
18.58–202.45; P<00.001), and bladder (SHR, 41.95; 95% CI, 25.10–70.11; P<00.001)
(Table 2).The risk of developing cancer in the dialysis group was consistently higher in all fol-
low-up periods than that in the control group. The proportion of specific cancer in patient
with cancer showed a great difference between groups during the first year follow up. Cancers
of urinary system (kidney, upper urinary tract, and bladder cancers) accounted for consider-
able proportion of cancers in dialysis group (34.1%) compared to control group (5.3%) (data
not shown). The highest risk of cancer in the dialysis group was observed�4 years after dialysis
(SHR, 15.2; 95% CI, 10.8–21.5; P< 0.001) (Table 3).

Stratified analysis
We confirmed the increased risks of all cancers in all stratified analyses (Fig 3). Higher risks
were observed in patients aged<50 years (SHR, 6.91; 95% CI, 4.95–9.64; P< 0.001) and 50–59
(SHR, 5.06; 95% CI, 3.88–6.59; P< 0.001) than in those aged�60 years (SHR, 2.46; 95% CI,
2.09–2.89; P<00.001). The risks were higher in female patients (SHR, 4.44; 95% CI, 3.70–5.32;
P<00.001) than in male patients (SHR, 2.7; 95% CI, 2.26–3.22; P< 00.001). The risk of overall
cancer remained significantly higher in the subgroups of the dialysis group stratified according
to various comorbidities, including diabetes (SHR, 4.58; 95% CI, 4.02–5.23; P< 0.001), hyper-
tension (SHR, 3.05; 95% CI, 2.35–3.97; P< 0.001), cerebrovascular disease (SHR, 2.66; 95% CI,
1.51–4.71; P< 0.001), ischemic heart disease (SHR, 3.23; 95% CI, 2.02–5.17; P< 0.001), and
congestive heart disease (SHR, 2.88; 95% CI, 1.36–6.11; P< 0.001).

The risks of cancers at various sites stratified according age (using 60 y as the cutoff value)
and sex showed marked differences in oral and gastric cancers in patients aged<60 years than
in those aged>60 years, and a significantly higher incidence of upper urinary tract and bladder
cancers was observed in female patients than in male patients (S1–S4 Figs).

Discussion
Through our large-scale nationwide cohort study and the competing risk analysis, we clearly
showed that the risk of cancer in the Taiwanese incident dialysis population is increased. We
also identified site-specific cancers, such as oral, colorectal, liver, breast, upper urinary tract,
renal, bladder, and blood cancers, which were frequently observed in this population. Younger
and female patients were at a higher risk than older and male patients, respectively.

The relationship between dialysis and the high risk of cancer has been widely investigated in
several countries [2, 3]. However, an increasing risk of specific cancers in dialysis patients re-
mains substantially inconclusive. An international collaborative study from the United States,
Europe, Australia, and New Zealand reported an increased risk of cancers of the bladder, uri-
nary tract, thyroid, and other endocrine organs in dialysis patients [3]. In Japanese dialysis pa-
tients, the excessive risk was observed on renal cancer, but not on upper urinary tract cancer
[4]. Even within single country, studies that reported significant differences in specific cancer
incidences in dialysis patients compared with the general population were not in complete
agreement [7, 8, 10]. The discrepancy may be caused by various factors involved in the method
for estimating the risk. The standard incidence ratio was often used in these studies, but this
could be a problem if the ratio is not effectively controlled for confounding effects on the out-
come of interest. Few studies have used an appropriate control cohort to identify the relative
risk of cancer in incident dialysis patients. The traditional Cox regression model can be biased
because the competing event, such as death, was significantly higher in the dialysis group than
the general control group. Our study had the advantages of matched controls for age, sex, and
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Table 2. Incident density of various sites of cancers.

Sites (ICD-9-CM codes)
Groups Case Ia Crude HR (95% CI) p-value aSHRb (95% CI) p-value

Oral cancer (140–149)

Control 35 0.17 1 [Reference] <0.001 1 [Reference] 0.001

Dialysis 100 0.55 3.84 (2.61–5.65) 2.50 (1.43–4.39)

Esophageal cancer (150)

Control 14 0.07 1 [Reference] 0.1376 1 [Reference] .42

Dialysis 17 0.09 1.72 (0.84–3.50) 0.64 (0.22–1.87)#

Gastric cancer (151)

Control 57 0.28 1 [Reference] 0.0124 1 [Reference] .44

Dialysis 66 0.36 1.58 (1.10–2.25) 1.25 (0.71–2.2)

Colorectal Cancer (153–154)

Control 93 0.46 1 [Reference] 0.0124 1 [Reference] <0.001

Dialysis 190 1.04 2.80 (2.18–3.59) 2.34 (1.62–3.39)

Liver cancer (155)

Control 84 0.41 1 [Reference] <0.001 1 [Reference] .0002

Dialysis 271 1.48 4.38 (3.42–5.60) 1.88 (1.35–2.61)

Pancreatic cancer (157)

Control 22 0.11 1 [Reference] 0.0724 1 [Reference] .14

Dialysis 8 0.04 0.48 (0.21–1.07) 0.36 (0.09–1.41)

Lung cancer (162)

Control 85 0.42 1 [Reference] 0.2659 1 [Reference] .90

Dialysis 75 0.41 1.19 (0.87–1.63) 0.97 (0.59–1.6)

Blood cancer (200–208)

Control 29 0.14 1 [Reference] 0.0003 1 [Reference] .01

Dialysis 55 0.30 2.31 (1.47–3.62) 2.3 (1.2–4.42)

Breast cancer (174)

Control 40 0.20 1 [Reference] <0.001 1 [Reference] <0.001

Dialysis 110 0.60 3.79 (2.63–5.45) 4.21 (2.51–7.06)#

Cervical cancer (180)

Control 36 0.18 1 [Reference] 0.0007 1 [Reference] .29

Dialysis 56 0.31 2.08 (1.37–3.17) 1.42 (0.74–2.72)#

Prostate cancer (185)

Control 23 0.11 1 [Reference] 0.1054 1 [Reference] .36

Dialysis 28 0.15 1.58 (0.91–2.75) 0.67 (0.28–1.59)#

Kidney cancer (189.0)$

Control 4 0.02 1 [Reference] <0.001 1 [Reference] <0.001

Dialysis 87 0.48 29.08 (10.67–79.24) 40.31 (13.35–121.75)

Upper urinary tract cancer (189.1 and 189.2)

Control 4 0.02 1 [Reference] <0.001 1 [Reference] <0.001

Dialysis 107 0.58 47.52 (15.41–146.55) 61.33 (18.58–202.45)

Bladder cancer (188)

Control 18 0.09 1 [Reference] <0.001 1 [Reference] <0.001

Dialysis 388 2.12 32.26 (20.10–51.76) 41.95 (25.1–70.11)

Time to follow up is 183,184 and 202,528 person-years in dialysis and control group.

Abbreviation: SHR, subdistribution hazard ratio; CI, confident interval; aSHR, adjusted subdistribution hazard ratio.
aIncident rate (per 1,000 person-year).
bModel was adjusted age, sex, index year, urbanization, diabetes, hypertension, cerebrovascular disease, ischemic heart disease, congestive heart

failure, and Charlson score by competing risk model.
$Kidney cancer was identified by ICD-9 code with surgical procedures including radical nephrectomy, laparoscopic nephrectomy, and partial nephrectomy.
# means that sex for the specific event was not included in the model.

doi:10.1371/journal.pone.0122856.t002
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Table 3. Cancer Occurrence in Relation to Dialysis, by Follow-up Duration.

Control group Dialysis Group

Time Case PY Ia Case PY Ia aSHR (95% CI)b p

All observed period 644 202,528 3.18 1,863 183,184 10.17 3.43 (3.02–3.88) <0.001

Follow-up duration

<1y 226 46,245 4.89 568 42,747 13.29 1.69 (1.36–2.11) <0.001

1–2 y 169 40,831 4.14 383 32,567 11.76 2.67 (2.04–3.48) <0.001

2–3 y 142 33,747 4.21 319 23,784 13.41 2.63 (1.87–3.41) <0.001

3–4 y 80 26,917 2.97 223 16,919 13.18 4.04 (2.83–5.77) <0.001

>4y 45 49,106 0.92 372 23,979 15.51 15.2 (10.8–21.5) <0.001

Abbreviation: PY, person-years; I, incidence; aSHR, adjusted subdistribution hazard ratio; CI, confident interval.
aIncident rate (per 1,000 person-year).
bModels were adjusted age, sex, index year, urbanization, diabetes, hypertension, cerebrovascular disease, ischemic heart disease, congestive heart

failure, and Charlson score by competing risk model.

doi:10.1371/journal.pone.0122856.t003

Fig 3. Multivariable stratified analyses for the association between dialysis and cancer. Abbreviation: SHR, subdistribution hazard ratio; CI,
confident interval.

doi:10.1371/journal.pone.0122856.g003
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index year; effective control of the confounding effects; and the use of the competing risk
model for SHR estimation, potentially strengthening the reliability of the results.

The causes for the increased risks of specific cancers in the dialysis population have not
been elucidated adequately. This could be attributed to differences in carcinogens to various
cancers among countries. Aristolochia species of plants were either frequently mixed or mis-
used in Southeastern Europe and Asia [21]. Plants containing aristolochic acid were considered
a causative agent of renal damage and urinary tract cancer. This is a possible reason for the in-
creased incidence of urinary tract cancer in Asian dialysis patients. The specific cancers includ-
ing kidney, upper urinary tract, and bladder cancers showed high proportions in dialysis group
during the first year follow up. These cancers occurred and accompanied with kidney disease
even before dialysis, which implied certain causal factors linking the renal damage and tumoro-
genesis. The mechanisms may have a long-term period of development covering the whole
process of kidney disease progression. From the similar results in current researches, young age
and female are risk factors for aristolochic acid induced renal disease and cancers [22–24]. It
suggests that cancer screening in patient with renal disease should be selective. The higher risk
of oral, liver, colorectal, breast, and blood cancers shows in dialysis group compared to control
group in the study, but the reason has not been well clarified. One large study considers viruses
may play a key role on human papillomavirus-related- cancer such as vulvovaginal cancer in
patient with ESRD [25]. The higher prevalence of Hepatitis C viral infections in patient with
advance chronic kidney disease in Taiwan had been reported in our previous study [26]. It is
likely that Hepatitis C virus may be involved in the progression and development of liver can-
cer in dialysis patients. Furthermore, chronic infection and inflammation, impaired function-
ing of the immune system, nutrition deficiency, and shortage of DNA repair mechanisms,
which frequently appeared in dialysis patient [27, 28], may also contribute the tumorigenesis of
these cancers.

Our results are consistent with those of related studies [2, 7, 9], which reported that the risk
of cancer was greater in younger dialysis patients. One possible explanation for this is a stron-
ger inflammatory response in young patients upon external stimulation. This response is likely
to trigger tumorigenesis; however, the underlying mechanism requires further elucidation. Fe-
male dialysis patients have higher cancer risk than male patients; this observation is consistent
with the early findings of other studies [8, 9]. Previous studies have reported that females are at
higher risk for kidney disease and urinary tract cancer caused by Chinese herbs than are males
[29–32]. These results suggest that sex, at least partly, influences the initiation of renal disease
and urinary tract cancer. However, further research should be conducted to clarify the associa-
tion of sex with cancerogenesis in dialysis patients. This study had several strengths. First, the
competing risk for death approach substantially increased the ability to identify the risk of spe-
cific cancers. Second, the use of age-, sex-, and index year-matched control groups increased
the comparability and reduced time-related bias of the observations. Third, patients in the
study group had incident dialysis and were followed up for the development of incident cancer
after dialysis. The time sequence between these two diseases obviously improves through this
study design. Fourth, we stratified our population in subgroup analyses, and the results were
similar, supporting the hypothesis that the risk of cancer in the dialysis population is increased.

Nevertheless, our study had certain limitations. First, it was impossible to confirm the can-
cer diagnoses according to histopathology reports in the NHIRD. However, the accuracy of di-
agnoses in the RCIPD can be considered valid because pathological and/or cytological evidence
is required for approval. Second, we were unable to obtain major information on the patients’
history regarding smoking and other lifestyle choices. This limitation has been noted in previ-
ous observational studies that analyzed claim data, and the studies revealed a compromise be-
tween sample sizes and comprehensive collection of confounding factors. These results were
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obtained despite sex being assumed, in part, as a surrogate variable for smoking for adjustment
in the models, as mentioned in a previous study [33]. Third, although an increase in the risk of
all and site-specific cancers was observed in the dialysis population, these results must be ex-
plained in greater detail. Dialysis patients may be more aware of cancer because they are more
frequently monitored for cancer development by medical staff, frequently visit the hospital for
dialysis, and have easy access to cancer screening when abnormal symptoms arise. Finally, al-
though the comparability between dialysis group and control group was substantially improved
through matching their age and sex, we still cannot rule out the possibility that residual con-
founders could influence on our risk estimation.

Conclusion
In summary, we proved that the risks of all cancers and site-specific cancers (i.e., oral, colorec-
tal, liver, breast, upper urinary tract, kidneys, bladder, and blood cancers) are increased in the
incident dialysis population. Younger age and female sex increase susceptible to cancers. These
findings suggest that cancer screening in ESRD population should be a selective approach,
based on individual patient health condition and life expectancy.

Supporting Information
S1 Fig. The association between dialysis and various sites of cancers in aged younger than
60 years.
(TIF)

S2 Fig. The association between dialysis and various sites of cancers in aged equal and
older than 60 years.
(TIF)

S3 Fig. The association between dialysis and various sites of cancers in male.
(TIF)

S4 Fig. The association between dialysis and various sites of cancers in female.
(TIF)

S1 Table. The corresponding ICD-9-CM codes for the diagnosis of disease in the study.
(DOCX)

S2 Table. The payment codes for the clinical treatment providing by Taiwan National
Health Insurance.
(DOCX)

S3 Table. Diagnosed age and proportion of female in dialysis patient with occurring cancer.

(DOCX)

S4 Table. Diagnosed age by sex in dialysis patient with occurring cancer.
(DOCX)

Acknowledgments
Parts of our results were presented in a poster at ASN Kidney Week 2007 in San Francisco,
California.

Cancers in Incident Dialysis Population

PLOS ONE | DOI:10.1371/journal.pone.0122856 April 13, 2015 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122856.s008


Author Contributions
Conceived and designed the experiments: MYLWJW LTCMLY SJH. Analyzed the data: MYL
C.C. Hung C.C. Hsu MCK CHL. Wrote the paper: MYL HCC SJH.

References
1. Eggers PW. Has the incidence of end-stage renal disease in the USA and other countries stabilized?

Curr Opin Nephrol Hypertens. 2011 May; 20(3):241–5. doi: 10.1097/MNH.0b013e3283454319 PMID:
21422925

2. Maisonneuve P, Agodoa L, Gellert R, Stewart JH, Buccianti G, Lowenfels AB, et al. Cancer in patients
on dialysis for end-stage renal disease: an international collaborative study. Lancet. 1999 Jul 10; 354
(9173):93–9. PMID: 10408483

3. Stewart JH, Buccianti G, Agodoa L, Gellert R, McCredie MR, Lowenfels AB, et al. Cancers of the kidney
and urinary tract in patients on dialysis for end-stage renal disease: analysis of data from the United
States, Europe, and Australia and New Zealand. J Am Soc Nephrol. 2003 Jan; 14(1):197–207. PMID:
12506152

4. Satoh S TN, Habuchi T, Ishiyama T, Seimo K, Kato T. Renal cell and transitional cell carcinoma in a
Japanese population undergoing maintenance dialysis. J Urol. 2005; 174(5):1749–53. PMID:
16217276

5. Chang CH, Yang CM, Yang AH. Renal diagnosis of chronic hemodialysis patients with urinary tract
transitional cell carcinoma in Taiwan. Cancer. 2007 Apr 15; 109(8):1487–92. PMID: 17330839

6. Stewart JH, Vajdic CM, van LeeuwenMT, Amin J, Webster AC, Chapman JR, et al. The pattern of ex-
cess cancer in dialysis and transplantation. Nephrol Dial Transplant. 2009 Oct; 24(10):3225–31. doi:
10.1093/ndt/gfp331 PMID: 19589786

7. Lin HF, Li YH, Wang CH, Chou CL, Kuo DJ, Fang TC. Increased risk of cancer in chronic dialysis pa-
tients: a population-based cohort study in Taiwan. Nephrol Dial Transplant. 2012 Apr; 27(4):1585–90.
doi: 10.1093/ndt/gfr464 PMID: 21862456

8. Chung CJ, Huang CY, Tsai HB, Muo CH, ChungMC, Chang CH, et al. Sex Differences in the Develop-
ment of Malignancies among End-Stage Renal Disease Patients: A Nationwide Population-Based Fol-
low-Up Study in Taiwan. PLoS One. 2012; 7(9):e44675. doi: 10.1371/journal.pone.0044675 PMID:
22957098

9. Liang JA, Sun LM, Yeh JJ, Sung FC, Chang SN, Kao CH. The association between malignancy and
end-stage renal disease in Taiwan. Japanese journal of clinical oncology. 2011 Jun; 41(6):752–7. doi:
10.1093/jjco/hyr051 PMID: 21515610

10. Shebl FM, Warren JL, Eggers PW, Engels EA. Cancer risk among elderly persons with end-stage renal
disease: a population-based case-control study. BMC nephrology. 2012; 13:65. doi: 10.1186/1471-
2369-13-65 PMID: 22834953

11. Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY. Accuracy of diabetes diagnosis in health insurance
claims data in Taiwan. Journal of the Formosan Medical Association = Taiwan yi zhi. 2005 Mar; 104
(3):157–63. PMID: 15818428

12. Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML. Validation of the National Health Insurance Research Da-
tabase with ischemic stroke cases in Taiwan. Pharmacoepidemiology and drug safety. 2011 Mar; 20
(3):236–42. doi: 10.1002/pds.2087 PMID: 21351304

13. Hsieh CY, Chen CH, Li CY, Lai ML. Validating the diagnosis of acute ischemic stroke in a National
Health Insurance claims database. Journal of the Formosan Medical Association = Taiwan yi zhi. 2013
Oct 18.

14. Grandits G, Neuhaus J. Using SAS to Perform Individual Matching in Design of Case-Control Studies.
SAS Global Forum 2010; Seattle, Washington SAS Institute Inc.; 2010.

15. Lin MY, Huang CN, WuWJ, Chen LT, Chen HC, Hwang SJ. Overestimation of the incident rate of renal
cancer in Registry Catastrophic Illness Patient Data-A population base study. Scientific Congress & An-
nual Meeting, 2012 Taiwan Society of Nephrology; December 9; Taipei, Taiwan2013. p. 308.

16. Chien IC, Hsu JH, Lin CH, Bih SH, Chou YJ, Chou P. Prevalence of diabetes in patients with schizo-
phrenia in Taiwan: a population-based National Health Insurance study. Schizophr Res. 2009 Jun; 111
(1–3):17–22. doi: 10.1016/j.schres.2009.03.014 PMID: 19409756

17. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM administra-
tive databases. J Clin Epidemiol. 1992 Jun; 45(6):613–9. PMID: 1607900

18. Gray R. A class of K-sample tests for comparing the cumulative incidence of a competing risk. Ann
Stat. 1988; 16:1141–54.

Cancers in Incident Dialysis Population

PLOS ONE | DOI:10.1371/journal.pone.0122856 April 13, 2015 12 / 13

http://dx.doi.org/10.1097/MNH.0b013e3283454319
http://www.ncbi.nlm.nih.gov/pubmed/21422925
http://www.ncbi.nlm.nih.gov/pubmed/10408483
http://www.ncbi.nlm.nih.gov/pubmed/12506152
http://www.ncbi.nlm.nih.gov/pubmed/16217276
http://www.ncbi.nlm.nih.gov/pubmed/17330839
http://dx.doi.org/10.1093/ndt/gfp331
http://www.ncbi.nlm.nih.gov/pubmed/19589786
http://dx.doi.org/10.1093/ndt/gfr464
http://www.ncbi.nlm.nih.gov/pubmed/21862456
http://dx.doi.org/10.1371/journal.pone.0044675
http://www.ncbi.nlm.nih.gov/pubmed/22957098
http://dx.doi.org/10.1093/jjco/hyr051
http://www.ncbi.nlm.nih.gov/pubmed/21515610
http://dx.doi.org/10.1186/1471-2369-13-65
http://dx.doi.org/10.1186/1471-2369-13-65
http://www.ncbi.nlm.nih.gov/pubmed/22834953
http://www.ncbi.nlm.nih.gov/pubmed/15818428
http://dx.doi.org/10.1002/pds.2087
http://www.ncbi.nlm.nih.gov/pubmed/21351304
http://dx.doi.org/10.1016/j.schres.2009.03.014
http://www.ncbi.nlm.nih.gov/pubmed/19409756
http://www.ncbi.nlm.nih.gov/pubmed/1607900


19. Fine JP GR. A proportional hazard model for the subdistribution of a competing risk. J Am Stat Assoc.
1999; 94:496–509.

20. Gray B. cmprsk: Subdistribution Analysis of Competing Risks. Available from: http://cran.r-project.org/
web/packages/cmprsk/index.html. Accessed 2014 July 20.

21. Debelle FD, Vanherweghem JL, Nortier JL. Aristolochic acid nephropathy: a worldwide problem. Kid-
ney Int. 2008 Jul; 74(2):158–69. doi: 10.1038/ki.2008.129 PMID: 18418355

22. Wang SM, Lai MN, Chen PC, Pu YS, Lai MK, Hwang JS, et al. Increased upper and lower tract urothe-
lial carcinoma in patients with end-stage renal disease: a nationwide cohort study in Taiwan during
1997–2008. BioMed research international. 2014; 2014:149750. doi: 10.1155/2014/149750 PMID:
25025033

23. Chen CH, Dickman KG, Huang CY, Moriya M, Shun CT, Tai HC, et al. Aristolochic acid-induced upper
tract urothelial carcinoma in Taiwan: clinical characteristics and outcomes. International journal of can-
cer Journal international du cancer. 2013 Jul; 133(1):14–20. doi: 10.1002/ijc.28013 PMID: 23292929

24. Chen CH, Dickman KG, Moriya M, Zavadil J, Sidorenko VS, Edwards KL, et al. Aristolochic acid-associ-
ated urothelial cancer in Taiwan. Proceedings of the National Academy of Sciences of the United
States of America. 2012 May 22; 109(21):8241–6. doi: 10.1073/pnas.1119920109 PMID: 22493262

25. Skov Dalgaard L, Fassel U, Ostergaard LJ, Jespersen B, Schmeltz Sogaard O, Jensen-Fangel S. Risk
of human papillomavirus-related cancers among kidney transplant recipients and patients receiving
chronic dialysis—an observational cohort study. BMC nephrology. 2013; 14:137. doi: 10.1186/1471-
2369-14-137 PMID: 23834996

26. Lee JJ, Lin MY, Yang YH, Lu SN, Chen HC, Hwang SJ. Association of hepatitis C and B virus infection
with CKD in an endemic area in Taiwan: a cross-sectional study. American journal of kidney diseases:
the official journal of the National Kidney Foundation. 2010 Jul; 56(1):23–31.

27. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al. Aspects of immune dys-
function in end-stage renal disease. Clin J Am Soc Nephrol. 2008 Sep; 3(5):1526–33. doi: 10.2215/
CJN.00950208 PMID: 18701615

28. Vamvakas S, Bahner U, Heidland A. Cancer in end-stage renal disease: potential factors involved-edi-
torial. Am J Nephrol. 1998; 18(2):89–95. PMID: 9569948

29. Yang CS, Lin CH, Chang SH, Hsu HC. Rapidly progressive fibrosing interstitial nephritis associated
with Chinese herbal drugs. American journal of kidney diseases: the official journal of the National Kid-
ney Foundation. 2000 Feb; 35(2):313–8.

30. Chang CH, Wang YM, Yang AH, Chiang SS. Rapidly progressive interstitial renal fibrosis associated
with Chinese herbal medications. Am J Nephrol. 2001 Nov-Dec; 21(6):441–8. PMID: 11799260

31. Yang HY, Wang JD, Lo TC, Chen PC. Increased mortality risk for cancers of the kidney and other uri-
nary organs among Chinese herbalists. Journal of epidemiology / Japan Epidemiological Association.
2009; 19(1):17–23. PMID: 19164871

32. Stefanovic V, Radovanovic Z. Balkan endemic nephropathy and associated urothelial cancer. Nature
clinical practice Urology. 2008 Feb; 5(2):105–12. doi: 10.1038/ncpuro1019 PMID: 18259188

33. Lai MN, Wang SM, Chen PC, Chen YY, Wang JD. Population-based case-control study of Chinese
herbal products containing aristolochic acid and urinary tract cancer risk. Journal of the National Cancer
Institute. 2010 Feb 3; 102(3):179–86. doi: 10.1093/jnci/djp467 PMID: 20026811

Cancers in Incident Dialysis Population

PLOS ONE | DOI:10.1371/journal.pone.0122856 April 13, 2015 13 / 13

http://cran.r-project.org/web/packages/cmprsk/index.html
http://cran.r-project.org/web/packages/cmprsk/index.html
http://dx.doi.org/10.1038/ki.2008.129
http://www.ncbi.nlm.nih.gov/pubmed/18418355
http://dx.doi.org/10.1155/2014/149750
http://www.ncbi.nlm.nih.gov/pubmed/25025033
http://dx.doi.org/10.1002/ijc.28013
http://www.ncbi.nlm.nih.gov/pubmed/23292929
http://dx.doi.org/10.1073/pnas.1119920109
http://www.ncbi.nlm.nih.gov/pubmed/22493262
http://dx.doi.org/10.1186/1471-2369-14-137
http://dx.doi.org/10.1186/1471-2369-14-137
http://www.ncbi.nlm.nih.gov/pubmed/23834996
http://dx.doi.org/10.2215/CJN.00950208
http://dx.doi.org/10.2215/CJN.00950208
http://www.ncbi.nlm.nih.gov/pubmed/18701615
http://www.ncbi.nlm.nih.gov/pubmed/9569948
http://www.ncbi.nlm.nih.gov/pubmed/11799260
http://www.ncbi.nlm.nih.gov/pubmed/19164871
http://dx.doi.org/10.1038/ncpuro1019
http://www.ncbi.nlm.nih.gov/pubmed/18259188
http://dx.doi.org/10.1093/jnci/djp467
http://www.ncbi.nlm.nih.gov/pubmed/20026811


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


